Introduction
============

Bladder cancer is a common malignant tumor of the urinary system, which is highly recurrent in nature, and demonstrates a high infiltration rate and a strong tendency to metastasize ([@b1-etm-0-0-8648],[@b2-etm-0-0-8648]). The incidence rate of bladder cancer ranks it as the eleventh most common malignant tumor worldwide and the sixth amongst male malignant tumors; its incidence rate increases with age and invasive metastatic bladder cancer leads to higher rates of mortality ([@b1-etm-0-0-8648],[@b2-etm-0-0-8648]). At present, research into the pathogenesis, prevention, early diagnosis and treatment of bladder cancer remains in its infancy. Thus, investigating the molecular mechanisms of its pathogenesis may provide novel strategies for the diagnosis and treatment of bladder cancer.

Previous studies over the past few decades have demonstrated that most mammalian cells are capable of transcriptionally producing short or long RNAs that lack protein coding ability ([@b3-etm-0-0-8648],[@b4-etm-0-0-8648]). Circular RNAs (circ/circRNAs) are a relatively newly discovered type of non-coding RNA, which are abundant in number and highly stable in nature due to their covalent closed-loop structure ([@b4-etm-0-0-8648]). The expression of circRNAs is tissue-specific, and most circRNAs exhibit differential expression patterns in different species, tissues and cells ([@b5-etm-0-0-8648],[@b6-etm-0-0-8648]). The majority of circRNAs are \<1,500 nucleotides in length, with an average length of \~500 nucleotides ([@b7-etm-0-0-8648],[@b8-etm-0-0-8648]). Several circRNAs have been identified to be closely related to the recurrence and prognosis of bladder cancer. For example, circRNA myosin light chain kinase, circRNA cerebellar degeneration related protein 1 antisense and circRNA homeodomain interacting protein kinase 3 have all been demonstrated to serve an important role in the occurrence, development and metastasis of bladder cancer ([@b9-etm-0-0-8648]); these circRNAs all participated in important biological roles, such as the proliferation, apoptosis, migration and invasion of bladder cancer, by regulating epigenetic modifications and important cell signaling transduction pathways. In addition, in multiple studies, circ_0067934 has been reported to serve as an oncogene in several types of tumor ([@b12-etm-0-0-8648],[@b13-etm-0-0-8648]). In the present study, the expression levels of circ_006734 were also discovered to be increased in bladder cancer tissues. Thus, the impact of circ_0067934 on the progression of bladder cancer was subsequently investigated. To the best of our knowledge, this is the first study to report on the effects of circ_0067934 in bladder cancer.

Materials and methods
=====================

### Patient studies

From July 2011 to September 2013, 54 bladder cancer tissues (40 males and 14 females; age range, 35-68 years old; median age, 54 years old; 34 metastasis and 20 non-metastasis) were collected from Hanchuan People\'s Hospital. Patients who were treated with radiotherapy or chemotherapy before surgery were excluded. All patients voluntarily joined the study and written informed consent was obtained. The study was approved by the Ethics Committee of Hanchuan People\'s Hospital. The association between clinicopathological features and circ_0067934 expression levels in 54 bladder cancer tissues is presented in [Table I](#tI-etm-0-0-8648){ref-type="table"}.

During surgery, all patients\' tumor tissues and adjacent normal bladder tissues were collected and 5 years of follow-up was completed. During the 5 years, the follow-up endpoint was the time of death. The effects of circ_0067934 expression levels on metastasis, 5-year overall survival and disease-free survival were subsequently analyzed.

### Cell lines and reagents

The human bladder epithelial SV-HUC-1 cell line and bladder cancer cell lines, T24, RT4 and UMUC3, were purchased from the Kunming Institute of Zoology, Chinese Academy of Sciences. All cells were cultured in DMEM (Invitrogen; Thermo Fisher Scientific, Inc.), supplemented with 10% FBS (Thermo Fisher Scientific, Inc.), 1,000 IU/ml penicillin (Beijing Solarbio Science & Technology Co., Ltd.) and 100 mg/ml streptomycin (Beijing Solarbio Science & Technology Co., Ltd.). Cells were maintained at 37˚C and 5% CO~2~ in a humid environment.

### Cell transfection and experimental groupings

T24 cells in DMEM without FBS and antibiotics were plated into six-well plates at 37˚C and 5% CO~2~ in a humid environment. Upon cells reaching 70% confluence, Lipofectamine^®^ 2000 reagent (Thermo Fisher Scientific, Inc.) was used for all transfections, according to the manufacturer\'s protocol. All plasmids were transfected at the concentration of 100 nM. The following molecules, which were all obtained from Shanghai GenePharma Co., Ltd., were used: circ_0067934 small interfering (si)RNA (sicirc_0067934; 5\'-UGUUGAUUGGGAUAUGUUAUU-3\'; 100 nM) and its negative control (siNC; 5\'-GAAUGCUCCGUAAUCUGAACC-3\'; 100 nM), microRNA (miRNA/miR)-1304 mimic (5\'-UUUGAGGCUACAGUGAGAUGUG-3\'; 100 nM) and its NC (miR-NC mimic ; 5\'-UCACAACCUCCUAGAAAGAGUAGA-3\'; 100 nM), miR-1304 inhibitor (5\'-CACAUCUCACUGUAGCCUCAAA-3\'; 100 nM) and its NC (miR-NC inhibitor; 5\'-GCGUAACUAAUACAUCGGAUUCGU-3\'; 100 nM), Myc overexpression vector (oeMyc) and its NC expression vector (oeVector). The myc coding sequence was inserted into pcDNA3 vector (Invitrogen; Thermo Fisher Scientific, Inc.) to generate the oeMyc plasmid. The empty vector (oeVector) was used as a negative control.

A period of 48 h after transfection, the efficiency was validated by RT-qPCR and cells were used for the following experiments.

### Cell Counting Kit-8 (CKK-8) assay

Following transfection, 2x10^3^ T24 cells/well were seeded into 96-well plates (4 replicates/group). DMEM, supplemented with 10% FBS, was added into each well at a volume of 200 µl and cells were incubated at 37˚C and 5% CO~2~ in a humid environment. According to the manufacturer\'s protocol, 10 µl CCK-8 reagent (Beijing Transgen Biotech Co., Ltd.) was added to each well following 24, 48, 72 and 96 h of incubation and incubated for a further 2 h at room temperature. The optical density value of each well at a wavelength of 450 nm was measured using an ELx808 microplate reader (BioTek Instruments, Inc.).

### Migration and invasion assay.

Following transfection, 2x10^5^ T24 cells/well (3 replicates/group) were plated into the upper chambers of 24-well Transwell plates in 200 µl serum-free DMEM. Transwell membranes were precoated with Matrigel (BD Biosciences) for 30 min at 37˚C. A volume of 500 µl DMEM, supplemented with 10% FBS, was plated in the lower chambers. Following incubation at 37˚C and 5% CO~2~ for 24 h, the Transwell chamber was removed and non-invasive cells were carefully removed using a cotton swab. Invasive cells were fixed in 95% ethanol for 5 min at room temperature and stained with 0.1% crystal violet for 10 min at room temperature. Stained cells were counted in five randomly selected fields using an inverted light microscope (magnification, x100). The migratory ability of the cells was investigated using the same method as aforementioned; however, the upper chamber was not coated with Matrigel.

### Dual-luciferase reporter assay

The regulatory relationship between circ_0067934 and miR-1304 or between miR-1304 and Myc was verified using dual-luciferase reporter assays. Briefly, the 3\'-untranslated region (UTR) binding sites were predicted using the following online prediction tools: miRDB database (<http://mirdb.org/miRBD/index.html>) and TargetScan7 (<http://www.targetscan.org/vert_71>). The circ_0067934-mutant (Mut) 3\'-UTR sequence and circ_0067934 wild-type (WT) 3\'-UTR sequence, as well as the Myc-Mut 3\'-UTR sequence and Myc-WT 3\'-UTR sequence were subsequently designed and cloned into the pGL3 vector (Promega Corporation). T24 cells (2x10^3^ cell per well) were co-transfected with each of these vectors and either the miR-NC mimic or the miR-1304 mimic using Lipofectamine^®^ 2000 reagent (Thermo Fisher Scientific, Inc.). Following incubation for 48 h at 37˚C and 5% CO~2~, the relative luciferase activities were detected using a Dual-Luciferase Reporter assay kit (Promega Corporation) according to the manufacturer\'s protocol and normalized to *Renilla* luciferase activity.

### Reverse transcription-quantitative PCR (RT-qPCR)

Total RNA in tissues and cells (following transfection for 48 h) was extracted using TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer\'s protocol. A total of 500 µg RNA was reverse transcribed into cDNA using the PrimeScript™ RT reagent kit (Takara Biotechnology Co., Ltd.), according to the manufacturer\'s protocol. PCR was subsequently performed using the SYBR Green I Supermix (Takara Biotechnology Co., Ltd.), according to the manufacturer\'s protocol using an iCycler IQ multicolor Detection System (Bio-Rad Laboratories, Inc.). The following thermocycling conditions were used for the qPCR: Initial denaturation at 94˚C for 2 min; and 40 cycles at 94˚C for 30 sec and 60˚C for 30 sec. Expression levels were determined using the 2^-ΔΔCq^ method ([@b14-etm-0-0-8648]) and normalized to the internal reference genes U6 or GAPDH. The primer pairs used were as follows: circ_0067934 forward, 5\'-TAGCAGTTCCCCAATCCTTG-3\' and reverse, 5\'-CACAAATTCCCATCATTCCC-3\'; miR-1304 forward, 5\'-CGCGGTGTAGAGTGACATCG-3\' and reverse, 5\'-AGTGCAGGGTCCGAGGTATT-3\'; U6 forward, 5\'-GCTTCGGCAGCACATATACTAAAAT-3\' and reverse, 5\'-CGCTTCACGAATTTGCGTGTCAT-3\'; MYC forward, 5\'-CACTAACATCCCACGCTCTGA-3\' and reverse, 5\'-AAATCATCGCAGGCGGAACA-3\'; and GAPDH forward, 5\'-GCACCGTCAAGGCTGAGAAC-3\' and reverse, 5\'-TGGTGAAGACGCCAGTGGA-3\'.

### Western blotting

Total protein was extracted form cells using RIPA lysis buffer (Thermo Fisher Scientific, Inc.), according to the manufacturer\'s protocol. Total protein was quantified using a bicinchoninic acid assay kit (Beijing Solarbio Science & Technology Co., Ltd.) and 20 µg protein/lane was separated via 10% SDS-PAGE (100 V; 90 min). The separated proteins were subsequently transferred to a polyvinylidene fluoride membrane (80 V; 90 min) and blocked with 5% skim milk powder for 1 h at room temperature. The membranes were incubated with the following primary antibodies for 12 h at 4˚C: Anti-Myc (1:1,000; cat. no. sc-41; Santa Cruz Biotechnology, Inc.) and anti-GAPDH (1:5,000; cat. no. 5174; Cell Signaling Technology, Inc.). Following the primary antibody incubation, a horseradish peroxidase-conjugated goat anti-rabbit IgG secondary antibody (1:5,000; cat. no. ab7090; Abcam) was incubated with the membrane for 1 h at room temperature. Protein bands were visualized using an ECL detection substrate (Thermo Fisher Scientific, Inc.).

### Statistical analysis

Statistical analysis was performed using SPSS version 20.0 software (IBM Corp.) and data are presented as the mean ± SD of three independent experimental repeats. Statistical differences amongst 2 groups were determined using a Student\'s t-test, whereas statistical differences between \>2 groups were determined using one-way ANOVA followed by Tukey\'s post hoc test for multiple comparisons. Tumor tissues were divided into high expression and low expression groups based on the median value of circ_0067934. The association between clinicopathological features and circ_0067934 expression levels in the 54 bladder cancer tissues were analyzed using a χ^2^-test. Kaplan-Meier curves were used to analyze the survival rate and a log-rank test was used to calculate the corresponding P-values. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### High circ_0067934 expression levels in patients with bladder cancer is associated with metastasis, and a low 5-year overall survival and disease-free survival

Circ_0067934 was discovered to be aberrantly expressed in bladder cancer. Significantly increased expression levels of circ_0067934 were found in tumor tissues compared with adjacent normal tissues (P\<0.001; [Fig. 1A](#f1-etm-0-0-8648){ref-type="fig"}). Notably, patients exhibiting metastasis (n=34) had significantly increased expression levels of circ_0067934 in their tumor tissues compared with patients without metastasis (n=20; P\<0.001; [Fig. 1B](#f1-etm-0-0-8648){ref-type="fig"}). *In vitro* studies also demonstrated that significantly increased circ_0067934 expression levels were found in bladder cancer cells (T24, RT4 and UMUC3) compared with the human bladder epithelial SV-HUC-1 cells (P\<0.05, P\<0.01; [Fig. 1C](#f1-etm-0-0-8648){ref-type="fig"}). According to the follow-up statistics, patients with high circ_0067934 expression levels (n=28) exhibited a significantly reduced 5-year overall survival and disease-free survival compared with patients with low circ_0067934 expression (n=26; P\<0.05; [Fig. 1D](#f1-etm-0-0-8648){ref-type="fig"} and [E](#f1-etm-0-0-8648){ref-type="fig"}). Notably, it was indicated that circ_0067934 expression was positively correlated with tumor size, advanced stage and lymph node metastasis ([Table I](#tI-etm-0-0-8648){ref-type="table"}).

### Reduced circ_0067934 expression levels attenuate the proliferation, migration and invasion of bladder cancer cells

Circ_0067934 exhibited the highest expression in T24 cells ([Fig. 1C](#f1-etm-0-0-8648){ref-type="fig"}). Therefore, T24 cells were selected for the following experiments. Circ_0067934 expression levels in T24 cells were significantly reduced following the transfection with sicirc_0067934 compared with siNC-transfected cells (P\<0.01; [Fig. 2A](#f2-etm-0-0-8648){ref-type="fig"}). The effect of circ_0067934 expression levels on T24 cell proliferation, migration and invasion was analyzed using the following three methods, respectively: CCK-8, Transwell and Matrigel assays. T24 cells in the sicirc_0067934 group demonstrated a significantly reduced proliferative capacity compared with the siNC-transfected cells (P\<0.01; [Fig. 2B](#f2-etm-0-0-8648){ref-type="fig"}). Similarly, the results of the Transwell and Matrigel assays also revealed that, compared with the siNC group, T24 cells in the sicirc_0067934 group had significantly fewer migratory and invasive cells (P\<0.01; [Fig. 2C](#f2-etm-0-0-8648){ref-type="fig"} and [D](#f2-etm-0-0-8648){ref-type="fig"}). These findings suggested that the knockdown of circ_0067934 may significantly reduce the proliferative, migratory and invasive abilities of T24 cells.

### Circ_0067934 knockdown directly increases miR-1304 expression levels in T24 cells

The WT sequence and Mut sequence of circ_0067934 were designed according to the binding site identified between circ_0067934 and miR-1304, which was predicted using online prediction software ([Fig. 3A](#f3-etm-0-0-8648){ref-type="fig"}). T24 cells were transfected with a miR-1304 mimic to overexpress miR-1304 expression; T24 cells in the miR-1304 mimic group demonstrated significantly increased expression levels of miR-1304 compared with the miR-NC mimic group ([Fig. 3B](#f3-etm-0-0-8648){ref-type="fig"}). Subsequently, a dual-luciferase reporter assay was performed to validate the relationship between circ_0067934 and miR-1304. For T24 cells in the miR-NC mimic and miR-1304 mimic group, the insertion of the circ_0067934-Mut sequence did not significantly affect the relative luciferase activity between the two groups ([Fig. 3C](#f3-etm-0-0-8648){ref-type="fig"}). However, following the circ_0067934-WT sequence being inserted, T24 cells in the miR-1304 mimic group were observed to have a significantly decreased relative luciferase activity compared with the miR-NC mimic group ([Fig. 3C](#f3-etm-0-0-8648){ref-type="fig"}), which indicated that circ_0067934 may directly inhibit the expression levels of miR-1304. Concurrently, significantly increased miR-1304 expression levels were observed in T24 cells in the sicirc_0067934 group compared with the siNC group (P\<0.01; [Fig. 3D](#f3-etm-0-0-8648){ref-type="fig"}). Tumor tissues of patients were also revealed to have significantly decreased miR-1304 expression levels compared with the adjacent normal tissues (P\<0.001; [Fig. 3E](#f3-etm-0-0-8648){ref-type="fig"}). All of these findings suggested that circ_0067934 may have a direct inhibitory effect over miR-1304 expression and circ_0067934 knockdown may directly promote miR-1304 expression in T24 cells.

### miR-1304 directly inhibits Myc expression levels

The binding site between Myc and miR-1304 was predicted using the TargetScanHuman online database, and Myc-WT and Myc-Mut sequences were designed according to the binding site ([Fig. 4A](#f4-etm-0-0-8648){ref-type="fig"}). Subsequently, using a dual-luciferase reporter assay, it was discovered that the difference in the relative luciferase activity between the miR-NC mimic group and miR-1304 mimic group was not significant in cells with the Myc-Mut sequence inserted ([Fig. 4B](#f4-etm-0-0-8648){ref-type="fig"}). However, the insertion of the Myc-WT sequence significantly decreased the relative luciferase activity of T24 cells in the miR-1304 mimic group compared with the miR-NC mimic group (P\<0.01; [Fig. 4B](#f4-etm-0-0-8648){ref-type="fig"}). In addition, Myc mRNA and protein expression levels in T24 cells in the miR-1304 mimic group were also decreased compared with the miR-NC mimic group (mRNA, P\<0.01; [Fig. 4C](#f4-etm-0-0-8648){ref-type="fig"} and [D](#f4-etm-0-0-8648){ref-type="fig"}). Similarly, in patients\' tissues it was revealed that compared with the adjacent normal tissues, Myc mRNA expression levels in the tumor tissue were significantly increased (P\<0.001; [Fig. 4E](#f4-etm-0-0-8648){ref-type="fig"}). Therefore, these findings suggested that Myc expression may be directly inhibited by miR-1304.

### Circ_0067934 promotes Myc expression through inhibiting miR-1304 expression

T24 cells were transfected with a miR-1304 inhibitor to decrease miR-1304 expression; T24 cells in the miR-1304 inhibitor group demonstrated significantly decreased expression levels of miR-1304 compared with the miR-NC inhibitor group ([Fig. 5A](#f5-etm-0-0-8648){ref-type="fig"}). Subsequently, Myc expression levels in T24 cells in the siNC + miR-NC inhibitor group, sicirc_0067934 + miR-NC inhibitor group and sicirc_0067934 + miR-1304 inhibitor group were analyzed. Compared with the siNC + miR-NC inhibitor group, decreased expression levels of Myc mRNA and protein were observed in T24 cells in the sicirc_0067934 + miR-NC inhibitor group (mRNA, P\<0.01; [Fig. 5B](#f5-etm-0-0-8648){ref-type="fig"} and [C](#f5-etm-0-0-8648){ref-type="fig"}); however, compared with the sicirc_0067934 + miR-NC inhibitor group, Myc mRNA and protein expression levels were increased in T24 cells in the sicirc_0067934 + miR-1304 inhibitor group ([Fig. 5B](#f5-etm-0-0-8648){ref-type="fig"} and [C](#f5-etm-0-0-8648){ref-type="fig"}). Thus, it was suggested that circ_0067934 may promote Myc expression by inhibiting miR-1304.

### MYC restoration rescue the effects of circ_0067934 knockdown on T24 cell proliferation, migration and invasion

Significantly increased Myc mRNA expression levels were observed in the oeMyc group compared with the oeVector group (P\<0.01; [Fig. 6A](#f6-etm-0-0-8648){ref-type="fig"}), indicating that Myc expression in T24 cells was effectively overexpressed following the transfection with the oeMyc. A significantly reduced proliferation and decreased the numbers of migratory and invasive cells were observed in T24 cells in the sicirc_0067934 group + oeVector group compared with the siNC group + oeVector group (P\<0.01; [Fig. 6B-D](#f6-etm-0-0-8648){ref-type="fig"}). Notably, based on the results of the CCK-8 and Transwell assays, T24 cells in the sicirc_0067934 + oeMYC group also rescued the abilities of proliferation, migration and invasion compared with T24 cells in the sicirc_0067934 + oeVector group (P\<0.01; [Fig. 6B-D](#f6-etm-0-0-8648){ref-type="fig"}). Furthermore, The proliferation, migration and invasion of T24 cells in the siNC + oeMYC group were further enhanced compared with the sicirc_0067934 + oeMYC group ([Fig. 6B-D](#f6-etm-0-0-8648){ref-type="fig"}). MYC overexpression reversed the effects of circ_0067934 silencing on T24 cells.

Discussion
==========

Bladder cancer is the most common malignant tumor of the genitourinary system, and can be divided into myometrial invasive bladder cancer and non-muscle invasive bladder cancer according to the histopathological features ([@b15-etm-0-0-8648]). According to reports, 75% of patients with bladder cancer have non-muscle invasive bladder cancer, and 70% of these will subsequently relapse, with 15% progressing to myometrial invasive bladder cancer ([@b16-etm-0-0-8648]). Myometrial invasive bladder cancer is more aggressive and 50% of these patients have been reported to exhibit distant metastasis, with a 5-year survival rate of only 50% ([@b17-etm-0-0-8648]). Despite the rapid development of surgical and early diagnosis techniques, the mortality rate of patients with bladder cancer has not decreased significantly in the past 20 years ([@b18-etm-0-0-8648]). Therefore, determining the molecular mechanisms of bladder cancer development is particularly important for discovering novel diagnostic markers, and for developing effective and individualized treatment options. The present study identified that circ_0067934 expression levels were significantly increased in bladder cancer and the knockdown of circ_0067934 suppressed bladder cancer cell proliferation, migration and invasion though inhibiting the expression of Myc. And circ_0067934 expression was positively correlated with tumor size, advanced stage and lymph node metastasis

Circ_0067934 is a circRNA which has been reported to be abnormally expressed in several types of human tumor ([@b19-etm-0-0-8648]). Previous studies have discovered that circ_0067934 expression was significantly increased in non-small cell lung cancer; these increased expression levels in tumor tissues were closely associated with a poor prognosis of patients with non-small cell lung cancer, alongside an advanced tumor-node-metastasis (TNM) stage, positive lymph node metastasis, distant metastasis and poor survival ([@b19-etm-0-0-8648]). In fact, circ_0067934 has been suggested to serve as a therapeutic target and a biomarker to evaluate the prognosis of patients with non-small cell lung cancer, which was discovered following the reduced proliferative, migratory and invasive abilities observed following the silencing of circ_0067934 in non-small cell lung cancer cells ([@b19-etm-0-0-8648]). Furthermore, a cohort study of 51 esophageal squamous cell carcinoma cases indicated that the expression levels of circ_0067934 in esophageal squamous cell carcinoma were markedly increased compared with adjacent normal tissues ([@b12-etm-0-0-8648]). Increased circ_0067934 expression levels were also associated with an advanced TNM stage and poor differentiation ([@b12-etm-0-0-8648]). In the present study, circ_0067934 was discovered to be abnormally overexpressed in bladder cancer tissues and cells, and high circ_0067934 expression levels were associated with metastasis, and a low 5-year overall and disease-free survival. In addition, it was suggested that circ_0067934 may be a therapeutic target and prognostic marker for bladder cancer, as the silencing of circ_0067934 inhibited the proliferative, migratory and invasive ability of bladder cancer cells. Notably, several other circRNAs have been reported to regulate bladder cancer, such as hsa_circ_0068871 and circRNA lysophosphatidic acid receptor 1 ([@b20-etm-0-0-8648],[@b21-etm-0-0-8648]). Whether circ_0067934 expression is correlated with the expression of these reported circRNAs requires further investigation.

One of the most important functions of circRNAs is to serve as an miRNA sponge ([@b22-etm-0-0-8648]). CircRNAs can competitively bind to miRNAs to inhibit the binding of miRNAs to target genes, thereby blocking miRNA function ([@b7-etm-0-0-8648],[@b23-etm-0-0-8648]). Zhu *et al* ([@b13-etm-0-0-8648]) observed that circ_0067934 was overexpressed in hepatocellular carcinoma and this directly inhibited the expression of miR-1324, which could target the 3\'-UTR of frizzled-5 mRNA and further suppress the Wnt/β-catenin signaling pathway to inhibit hepatocellular carcinoma progression. In the present study, it was confirmed that circ_0067934 promoted the proliferation, migration and invasion of bladder cancer cells by promoting Myc expression via sponging miR-1304. In a previous study, miR-1304 was demonstrated to inhibit the growth of human non-small cell lung cancer cells, thus serving as a tumor suppressor ([@b24-etm-0-0-8648]). Myc protein has also been found to have a crucial role in several important cellular processes, such as proliferation, apoptosis, differentiation and the cell cycle, and overall it has been reported to serve a major role in driving the proliferation of cancer cells ([@b25-etm-0-0-8648]). Previous studies have also pointed out that the suppression of Myc could contribute to tumor regression ([@b26-etm-0-0-8648]). Myc is found activated in a wide variety of tumors, thus making it an attractive target for cancer treatment. The findings of the current study demonstrated that the inhibition of circ_0067934 prevented bladder cancer progression by suppressing the expression of Myc through sponging miR-1304, which provided a more precise theoretical basis for targeted therapy in bladder cancer.

In conclusion, the present study revealed that increased circ_0067934 expression levels in bladder cancer were associated with a poor prognosis in patients. In addition, silencing circ_0067934 expression prevented the proliferative, migratory and invasive abilities of bladder cancer cells through inhibiting the expression levels of Myc protein via sponging miR-1304. Thus, these findings suggested that circ_0067934 may be used as a potential biomarker for assessing the prognosis of patients with bladder cancer and as a target for the treatment of bladder cancer.
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![High circ_0067934 expression levels in patients with bladder cancer are associated with metastasis, and a low overall 5-year survival and disease-free survival. (A) circ_0067934 expression levels were significantly increased in bladder cancer tumor tissues compared with the adjacent normal tissues, which were determined using RT-qPCR. (B) Patients with metastasis had significantly increased expression levels of circ_0067934 in their tumor tissues compared with patients without metastasis, which were determined using RT-qPCR. (C) *In vitro* studies found increased circ_0067934 expression levels in bladder cancer cells (T24, RT4 and UM-UC-3) compared with human bladder epithelial SV-HUC-1 cells, which were determined using RT-qPCR. Patients with high circ_0067934 expression levels exhibited significantly reduced (D) 5-year overall survival and (E) disease-free survival compared with patients with low circ_0067934 expression levels. ^\*^P\<0.05, ^\*\*^P\<0.01, ^\*\*\*^P\<0.001. circ, circular RNA; RT-qPCR, reverse transcription-quantitative PCR.](etm-19-06-3751-g00){#f1-etm-0-0-8648}

![Reduced circ_0067934 expression levels decrease the proliferation, migration and invasion of bladder cancer cells. (A) circ_0067934 expression levels in T24 cells were significantly reduced following transfection with sicirc_0067934, which was determined using reverse transcription-quantitative PCR. (B) CCK-8 assay indicated that the knockdown of circ_0067934 significantly reduced the proliferative ability of T24 cells compared with the siNC group. Reduced circ_0067934 expression levels suppressed the (C) migratory and (D) invasive abilities of T4 cells compared with the siNC group (magnification, x100). ^\*\*^P\<0.01 vs. siNC. circ, circular RNA; si, small interfering RNA; NC, negative control; CCK-8, Cell Counting Kit-8; OD, optical density.](etm-19-06-3751-g01){#f2-etm-0-0-8648}

![circ_0067934 knockdown directly increases miR-1304 expression in T24 cells. (A) WT and Mut sequences of circ_0067934 were designed according to the binding site identified between circ_0067934 and miR-1304. (B) Relative expression levels of miR-1304 following the transfection of T24 cells with miR-1304 mimic or miR-NC mimic were determined using RT-qPCR. (C) Dual-luciferase reporter assay indicated that circ_0067934 directly inhibited the expression levels of miR-1304. (D) Relative expression levels of miR-1304 were determined using RT-qPCR and significantly increased miR-1304 relative expression levels were observed in T24 cells in the sicirc_0067934 group compared with the siNC group. (E) RT-qPCR analysis was used to determine that the tumor tissues of patients also exhibited significantly decreased miR-1304 expression levels compared with adjacent normal tissues. ^\*\*^P\<0.01, ^\*\*\*^P\<0.001 vs. miR-NC mimic/siNC or adjacent tumor. circ, circular RNA; miR, microRNA; si, small interfering RNA; NC, negative control; RT-qPCR, reverse transcription-quantitative PCR; WT, wild-type; Mut, mutant.](etm-19-06-3751-g02){#f3-etm-0-0-8648}

![miR-1304 directly inhibits Myc expression. (A) Myc-WT and Myc-Mut sequences were designed according to the binding site identified between miR-1304 and Myc. (B) Dual-luciferase reporter assay revealed that Myc was directly inhibited by miR-1304. Myc (C) mRNA and (D) protein expression levels in T24 cell in the miR-1304 mimic group were decreased compared with the miR-NC mimic group, which was determined using RT-qPCR and western blotting, respectively. (E) RT-qPCR analysis determined that compared with the adjacent normal tissues, Myc mRNA expression levels in the tumor tissues were significantly increased. ^\*\*^P\<0.01, ^\*\*\*^P\<0.001 vs. miR-NC mimic or adjacent tumor. NC, negative control; RT-qPCR, reverse transcription-quantitative PCR; UTR, untranslated region; WT, wild-type; Mut, mutant; miR, microRNA.](etm-19-06-3751-g03){#f4-etm-0-0-8648}

![circ_0067934 promotes Myc expression via inhibiting miR-1304. (A) Relative expression levels of miR-1304 following the transfection with the miR-1304 inhibitor or miR-NC inhibitor were determined using RT-qPCR. T24 cells in the sicirc_0067934 + miR-NC inhibitor group exhibited decreased Myc (B) mRNA and (C) protein expression levels compared with the siNC + miR-NC inhibitor group, whereas Myc expression levels were restored in the sicirc_0067934 + miR-1304 inhibitor group, which was determined using RT-qPCR and western blotting, respectively. ^\*\*^P\<0.01 vs. siNC + NC inhibitor. circ, circular RNA; miR, microRNA; si, small interfering RNA; NC, negative control; RT-qPCR, reverse transcription-quantitative PCR.](etm-19-06-3751-g04){#f5-etm-0-0-8648}

![circ_0067934 knockdown suppresses T24 cell proliferation, migration and invasion through inhibiting Myc expression. (A) Reverse transcription-quantitative PCR analysis demonstrated that Myc expression in T24 cells was significantly increased following the transfection with the oeMyc compared with the oeVector. (B) Transwell and (C) Matrigel assays were used for the analysis of migration and invasion, respectively (magnification, x100). (D) Proliferative activity of T24 cells was measured using a CCK-8 assay. ^\*\*^P\<0.01 vs. siNC + oeVector. circ, circular RNA; si, small interfering RNA; NC, negative control; CCK-8, Cell Counting Kit-8; OD, optical density; oe, overexpression.](etm-19-06-3751-g05){#f6-etm-0-0-8648}

###### 

Association between clinicopatholigcal features and circular RNA_0067934 expression levels in 54 bladder cancer tissues.

  Variable                Low (n=26)   High (n=28)   P-value
  ----------------------- ------------ ------------- ---------
  Age, years                                         0.418
       \<60               17           15             
       ≥60                9            13             
  Sex, n                                             0.358
       Male               21           19             
       Female             5            9              
  Tumor size, cm                                     0.014
       \<3                20           12             
       ≥3                 6            16             
  Tumor stage                                        0.002
       Ta-T1              18           7              
       T2-T4              8            21             
  Lymph node metastasis                              0.004
       No                 15           5              
       Yes                11           23             

[^1]: ^\*^Contributed equally
